Catalytic phosphoryl interactions of topoisomerase IB.
The reversible nucleophilic substitution reaction catalyzed by the vaccinia virus type IB topoisomerase has been investigated by measuring the equilibrium and rate effects of stereospecific sulfur substitution at the two nonbridging oxygen atoms of the attacked phosphodiester group. An energetic analysis of the combined effects of sulfur substitution and site-directed mutagenesis of active site residues of the enzyme has identified enzyme interactions with each oxygen in the ground state and transition state. We use these findings in combination with previous structural and 5'-bridging sulfur substitution results to deduce the web of enzymatic interactions with the nonbridging oxygens as well as the 5'-hydroxyl leaving group. A key finding is the central role of Arg130, which forms electrostatic interactions with both nonbridging oxygens and the 5'-leaving group.